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The  etiology  of  the  human disease,  glomerulonephritis, remains 
unknown.  Certain observations in this condition suggest that it may 
depend, in part at least, on a hyperergic state of the tissues.  While 
various  authors  have  attempted  by  different methods  to  produce 
experimental nephritis  simulating  the  human affliction,  only  those 
investigations dealing with cytotoxins will be discussed.  This com- 
munication presents a study of certain of the factors in the anti-organ 
sera responsible for the induction of renal abnormalities. 
LITERATURE 
Lindemann (I), in 1900, influenced by the production of hemolysins  (2) and 
spermatolysins (3),  injected guinea pigs with rabbit kidney, and obtained from 
these animals a serum which induced in rabbits marked albuminuria, cast forma- 
tion, and tubular degeneration.  Pearce (4) subsequently investigated this subject 
and confirmed the claims of Lindemann and others (5-7) regarding the existence 
of a heteronephrotoxin, but was unable to produce an autonephrotoxin (5, 7-9). 
He showed, moreover, (4, 10) that many of the so called specific anti-organ sera 
then in use depended for their effect on the hemagglutinins  and hemolysins which 
they  contained,  and  consequently introduced  the  technique  of perfusing  the 
organs used for antigens.  Anti&idney serum made with such an antigen induced 
albuminuria and cylindruria, whereas  antiserum prepared by immunizing  with 
unwashed kidney induced an additional feature, hematuria.  The high hemolysin 
and hemagglutinin  titer of the  latter  serum,  he  felt,  was  responsible  for the 
hematuria.  Even the antiserum against perfused kidney tissue  was  only rela- 
tively organ specific--"special" is  the  term he applied--since certain immune 
sera  prepared  against  perfused  liver  induced  similar  kidney  changes.  The 
* Read in abstract form before the American Association  of Pathologists and 
Bacteriologists,  April 9,  1936, at Boston. 
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experimental  nephritis  was  always  of  short  duration;  the  pathological  lesions 
consisted of tubular  degeneration with  occasional hyalin thrombi in glomerular 
capillaries.  Woltmann  (11)  and  Sata  (12)  agreed  with  Pearce  regarding  the 
relative specificity of nephrotoxin; the latter found that the kidney damage was 
less if the nephrotoxic serum were mixed with kidney emulsion before administra- 
tion.  Claims were made for the production of relatively specific  cytotoxic sera 
by immunization with kidney nucleoproteids (13, 14), but not confirmed (15, 16). 
Wilson  and  Oliver  (17),  with  anti-kidney  serum  free  of  hemagglutinins  and 
hemolysins, produced marked glomerular as well as tubular lesions; fibrin thrombi 
in the glomerular capillaries and necrosis of portions of the tuft were observed; 
these led to scarring of glomeruli.  These authors considered nephrotoxin organ 
specific,  since absorption of the antiserum with kidney cells  completely removed 
its  nephrotoxic effect.  Sakurabayashi  (18)  and  Takeda  (19)  found glomerular 
crescent formation in the kidneys of animals followed for several months.  Takeda 
observed fibrin  thrombosis and  hemorrhage in  the  glomerular  tufts  of acutely 
affected animals as well as tubular degeneration, and also noted an elevation of 
blood nitrogen values.  Masugi  (20, 21)  recognized the anaphylactoid nature of 
certain of the reactions following administration of anti-kidney serum, and thought 
he  could differentiate  them  from more  specific cytotoxic action by absorption 
experiments.  He believed in the relatively strict organ specificity of nephrotoxin 
(21:-24) and also of hepatotoxins  (21-23)  and of cardiotoxin (25).  He obtained 
the  first  convincing evidence  of chronic  nephritis  induced  by the  injection  of 
nephrotoxin, and made certain functional studies on rabbits in which he had pro- 
duced  this  chronic  disease  (24).  Masugi  considered  the  experimental  lesions 
entirely comparable to those of human glomerulonephritis  (22-24).  Hemprich 
(26), Weiss (27), and Arnott et al. (28) confirmed Masugi's clinical and pathologi- 
cal observations on rabbits  treated  with heteronephrotoxin. 
Klinge and Knepper (29) have reopened the subject of autonephrotoxin; they 
injected rabbits with homologous kidney emulsion and swine serum.  Fahr (30) 
considered  the  lesions  they induced  different  from those  described  by Masugi 
(24); the latter he regarded as diffuse glomerulonephritis comparable to human 
nephritis. 
EXPERIMENTAL 
Methods 
Antisera against rat tissues were prepared by injecting rabbits with suspensions 
of perfused rat organs.  For perfusing the kidney and liver, 2 liters of 0.9 per cent 
NaC1 solution were run  into the  thoracic aorta  1 at  a  hydrostatic pressure  of 1 
meter.  For rendering the heart free of blood the same quantity of oxygenated 
warm Ringer's solution was introduced  into  the jugular vein at  a  hydrostatic 
level of 8 to 10 cm., the aorta was clamped just below the diaphragm and an outlet 
1 All operations were performed with the rats under ether anesthesia. JOSEPH  E.  SMADEL  923 
provided by snipping a  tiny hole in one of the carotid arteries.  The heart con- 
tinued to contract throughout most of the washing.  The brain was perfused by a 
stream of saline in the thoracic aorta directed toward the cephalic end with the 
ascending portion of the arch ligated.  These methods rendered the desired organs 
blood-free in the majority of cases; when they failed, the animals were discarded. 
The  organs  were  removed,  cut  into  flue  pieces,  and  ground  with  abrasive. 
Saline was added to make a  10 or 20 per cent suspension.  The suspensions were 
stored at 10°C. for 1 to 5 days.  A  portion of the material was cultured; those 
preparations giving any bacterial growth were not used.  As a  result of these 
rigorous criteria for obtaining blood-free and sterile organ suspensions, approxi- 
mately 10 per cent of the material had to be discarded. 
Male rabbits weighing about 2500 gin. were injected intraperitoneally with 10 
cc. of a  10 or 20 per cent suspension of rat kidney, liver, heart, and brain respec- 
tively.  Injections were made on 3 consecutive days each week for a period of 3 
weeks.  Treatment  was  administered for  three  such  periods over a  total of 3 
months.  Test bleedings were made l0 days after the last injection of each period. 
Antisera against rat serum and washed red blood cells were similarly prepared. 
Kidney and liver emulsions were given to groups of six rabbits each, heart to 
four rabbits, brain to two, rat serum to three, and rat red blood cells to two. 
The rabbit serum was  heated at 56  °  for half an hour to diminish its primary 
toxicity.  The methods used in the clinical and pathological studies on the rats 
are described elsewhere (31, 32).  Other procedures used throughout  the work 
will be described as the occasion arises. 
Antibody Titration  of Sera 
Antibody  titrations were made  after each period of immunization, 
but it was found that the in vitro reactions bore no direct quantitative 
correlation  to  the  cytotoxic  action  of  the  sera  as  observed  in vivo. 
Antigen for the tests was prepared by autolyzing a  20 per cent suspension of 
perfused organ for  12  days at  10°C.  The slightly opalescent supernatant fluid 
was diluted to the desired concentration with saline; 0.2 cc.  of the serum to be 
tested was added to 0.4 cc.  of diluted antigen.  The  solutions were mixed and 
incubated for ~  hour at 37°C., then stored overnight at 10°C.  Readings were made 
after each period.  Rat serum precipitins were similarly determined.  For titra- 
tion of hemagglutinins, each tube contained 0.2  cc.  of the diluted serum to  be 
tested, 0.1 cc. of a 2 per cent suspension of washed rat erythrocytes, and 0.7 cc. 
of saline.  In testing for hemolysins 2 units of guinea pig complement were added 
to a mixture of 0.2 cc. of a 5 per cent suspension of rat red cells and 0.2 cc. of the 
serum to be tested, then the volume was made up to 1.6 cc.  The hemagglutinins 
and the hemolysins were recorded after incubation for ~  hour at 37°C. 
Table I shows the antibody titrations, after the second immunization period, of 
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heart and anti-liver groups, together with their clinical effect in rats as evidenced 
by urine examination and the production of edema.  The two  anti-kidney  sera 
with the lowest titer of kidney precipitins failed to induce urinary abnormalities 
(Nos. 4195 and 4196), but  two other sera  (Nos. 4138 and 4197)  with identical 
precipitin titers showed a marked quantitative difference in vivo. 
Sera obtained after the third immunization period showed inconstant changes 
in test tube titrations except for a general increase in rat serum precipitins in the 
groups receiving kidney and heart.  Nevertheless, all of the anti-kidney sera ob- 
tained at this last bleeding induced a marked effect on the kidney. 
TABLE  I 
Antibody  Titrations  and Nephrotoxic Effect of Certain Anti-Organ Sera 
Rabbit 
se~ 
No. 
4138 
4139 
4140 
4195 
4196 
4197 
4130 
4124 
Rat organ 
SUS  enslon 
i~lPe~elt  ed 
Kidney 
cl 
Heart 
Liver 
Tested with* 
Extract of rat 
Kidney  Liver  Heart 
Precipitins 
2400  1200  150 
2400  1200  150 
1200  1200  600 
600  600  150 
600  1200  150 
2400  1200  150 
400  400  400 
1200  4800  150 
Rat 
serum 
Precipi- 
tins 
4800 
4800 
4800 
4800 
1200 
4800 
4800 
4800 
Rat RBC 
Hemag-  Hernoly- 
glutinins  sins 
80  160 
80  160 
40  320 
40  20 
40  20 
80  20 
20  320 
0  80 
Nephrotoxi¢ effect 
Degree of 
reacfion~ 
++++ 
++++ 
++ 
0 
0 
+ 
Dos~e 
~rl~ 
gin. b~y 
we~ht 
¢C. 
0.3 
0.5 
0.5 
2.0 
2.2 
1.0 
2.5 
2.5 
Sera obtained Oct.  16,  1934, after 18 injections of organ suspension. 
* Precipitin titrations expressed as highest dilution of antigen giving a positive 
reaction; hemagglutinins and hemolysins, as dilution of serum. 
t  -{-+ +-b  =  persistent marked albuminuria and casts with anasarca. 
+-4-  =  "  moderate  "  ....  without anasarca. 
-b  =  transient  "  "  "  " 
=  "  slight  " 
Anti-Kidney  Sera 
Detailed  reports  of  the  functional  and  pathological  effects  which 
follow  the  administration  of  the  nephrotoxic  serum  are  given  else- 
where  (32).  For the present only the more important data necessary 
to  understand  the  problem  at  hand  are  described.  As  indicated  in 
Table  I,  anti-kidney  sera  differed  in  their  ability  to  induce  renal 
damage.  In  addition,  the  types of lesions  they induced  varied,  de- 
pending on the proportion of several factors in a  given serum. josePH ~.  S~L  925 
One factor, to which the term nephrotoxin is applied throughout 
this paper, affected the kidney primarily.  Certain anti-kidney sera 
contained it in high concentration with little admixture of antibodies 
against other rat tissues; these were considered as "good" nephrotoxic 
sera.  The injection of suitable amounts of such a serum was followed 
by marked proteinuria,  casts,  anasarca,  and azotemia, but without 
significant hematuria, as revealed either macroscopically or by guaiac 
test.  Histologically the kidney, during the acute phase of the disease, 
showed extensive tubular degeneration, principally of the hyalin drop- 
let type; but dilated tubules lined with atrophic epithelium and filled 
with casts were frequent.  The glomeruli characteristically had thick- 
ened capillary walls visible by the routine stains; suitable stains showed 
that  swelling of the  glomerular capillary  basement membrane was 
primarily responsible for the thickening.  Degeneration of the endo- 
thelial and epithelial cells of the glomeruli was present but not severe; 
proliferative  and  infiltrative  changes  were  practically  nonexistent. 
When adequate, but not excessive, amounts of anti-kidney serum were 
given, the animals survived the acute phase.  The majority continued 
to have protein and casts in the urine; a fair proportion, after varying 
intervals up to 10 months, died of the induced disease. 
When a  suitable amount of a  good anti-kidney serum was given, 
a moderately severe reaction followed within a few minutes; this reac- 
tion was quite similar to the anaphylactic reaction in rats described by 
Parker and Parker (33) and Pratt (34).  When the same serum was given 
in divided daily doses no such anaphylactoid reaction occurred; more- 
over, a  slightly smaller amount of serum under these circumstances 
induced the same kidney effect (see Table II). 
The administration of several  times this optimal dose of a  good 
anti-kidney serum in a single injection was followed by a very severe 
anaphylactoid reaction which sometimes killed the animal within a 
few minutes or hours.  If the rat survived for 6 or 8 hours the kidneys 
showed severe acute tubular degeneration and glomerular tufts stuffed 
with fibrin thrombi; urine passed at this time was heavily laden with 
blood and protein.  A few of these animals survived for a week; the 
hematuria  disappeared  in  several  days,  the  proteinuria  continued, 
casts  and anasarca  appeared, and the blood urea mounted to high 
levels. 
Anti-kidney sera rich in both nephrotoxic factor and in other anti- Rat N-21. 
body weight. 
TABLE  II 
Effect  of Nephrotoxin  in Single  and  Divided  Doses 
One injection of serum 4138  (unabsorbed)  of 0.25 ce. per 100 gin. 
D ate 
1935 
Jan.  28 
Feb.  2 
"  3 
"  4 
"  5 
"  6 
"  7 
o 
+++ 
++++ 
++++ 
+++ 
+++ 
Urine examination 
± 
0 
0 
0 
0 
Casts 
° 
0  0  0 
0  0  0 
0  0  0 
0  ++  0 
0  ++  0 
0  +  ++++ 
0  ++  ++ 
Weight 
gm. 
84 
81 
96 
91 
Remarks 
Serum  Reaction 
¢:c. 
Control period 
0.21iv*  Moderately  severe 
[  ~  hr. duration 
Urinary findings continued approximately same until moribund  on 84th day. 
Rat  N-140.  Four  daily  injections  of  serum  4138  (unabsorbed)  of  0.05  cc. 
per  100 gm. body weight. 
Urine examination  Remarks 
Date 
1935 
Oct.  25 
"  26 
"  27 
"  28 
"  29 
"  30 
"  31 
Nov.  1 
"  2 
"  4 
o 
Trace 
0 
++ 
Trace 
+++ 
++++ 
'i 
#¢r 
ce~ 
2. 822 
O. 489 
1. 584 
6. 048 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0 
0  0 
0  0 
Casts 
Hyalin 
0 
0 
0 
++++ 
++++ 
+++ 
++ 
Gran-  ular  Cellular 
0  0 
0  0 
0  0 
0  0 
0  0 
+++  +++ 
+++  +++ 
+++:  0 
++  0 
Weight 
gm. 
79.3 
79.0 
81.2 
79.4 
81.9 
85.3 
87.6 
87.6 
94.6 
Serum  Reaction 
Control period 
0.04 iv  None 
0.04  "  " 
0.04  "  " 
0.04  "  " 
Ascites 
Subcutaneous 
edema and 
ascites 
Nov. 4,  1935,  killed. 
* iv in all tables  signifies intravenous. 
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bodies were obtained most frequently after long periods of immuniza- 
tion.  Small amounts of these were capable of inducing severe kidney 
damage with glomerular thrombosis, hematuria, and death.  Damage 
also occurred in other organs, notably the liver.  A  sublethal dose of 
such a  serum failed to induce functional or histological renal change. 
To demonstrate the nephrotoxic factor in these sera it was necessary 
to  resort  to  a  process similar  to  desensitization.  Beginning  with  a 
sublethal dose, at daily intervals intravenous injections of increasing 
amounts were given until,  after 4  or 5 days, a  total of 0.3 to 0.4 cc. 
per 100 gra.  of rat body weight was injected.  A  clinical and patho- 
logical  picture  then  supervened  identical  with  that  following  the 
administration  of an optimal amount of good serum. 
The lethal response to injection of 0.5 cc. per 100 gin. body weight of a mixed 
effect anti-kidney  serum is iUustrated by rat N-121 in  Table  III.  Suppression 
of the toxic action of the serum by administering very small doses for  several 
days is shown by rat N-153 (Table III).  The animal, after this preparation, was 
able to withstand  an injection of 0.28 cc. per  100 gin. body weight, which was 
sufficient to induce the nephrotoxic effect.  The mixed effect serum used in these 
illustrations was absorbed with rat erythrocytes  and serum.  As discussed else- 
where in this paper the absorptions are not followed  by a reduction in the ability to 
induce either  the anaphylactoid  reaction or the nephrotoxic effect. 
Clinical and anatomical studies thus indicated that anti-kidney sera 
possessed a factor which affected the kidney primarily and in addition 
contained  one  or  more  factors  which  induced  anaphylactoid  shock 
accompanied by a  general  vascular  reaction.  These  vascular  phe- 
nomena could be suppressed and the more specific nephrotoxic reaction 
brought out by suitable administration  of serum. 
Another equally effective method of eliminating  the hematuria and 
glomerular thrombosis, while retaining the nephrotoxic effect, in such 
impure anti-kidney sera, was found.  Rats were prepared by treating 
for  4  consecutive  days  with  increasing  amounts  of  anti-rat  serum 
precipifins obtained from a  rabbit immunized with rat serum, so that 
the  animals  finally  tolerated  the  equivalent  of  several  lethal  doses 
without obvious effect.  These prepared rats, when given, in a  single 
injection,  the  "mixed  effect"  anti-kidney  serum  mentioned  above, 
developed the nephrotoxic picture without hematuria.  Here, as with 
the relatively pure nephrotoxic serum,  a  slightly greater amount was 928  NEPHRITIS  INDUCED  BY  ANTI-KIDNEY  SERUM.  I 
TABLE  Ill 
Demonstration of Nephrotoxin  in Mixed Effect Anti-Kidney Serum 
Rat N-121.  One injection of pooled nephrotoxic serum lot A  (absorbed  with 
rat RBC and serum),  0.05  cc. per  100 gin.  body weight. 
Date 
1935 
Oct. 5  Trace 
Solid 
Urine examination 
m 
++++ 
0 
+  + 
Casts 
0  0  0 
0  0  0 
gm. 
106.0 
Remarks 
Serum  Reaction 
{:c. 
.055iv  Moderately  severe 
1/~ hr. duration 
Gross hematuria--died  "  6 
Rat N-153.  Four daily injections of pooled nephrotoxic serum lot A  (absorbed 
with rat  RBC and serum)--total  dose 0.31  cc. per  100 gin. body weight. 
Urine examination 
Date 
1935 
Nov. 20 
"  25 
"  26 
"  27 
"  28 
"  29 
"  30 
Dec.  2 
t~ 
Trace 
0 
Trace 
*c 
++ 
++++ 
Solid 
c* 
o 
ptr 
¢tn4 
0.05 
C).07 
0.06 
3.74 
5.76 
5.25 
0 
0 
0  0 
0  0 
0 
0 
0  0 
0  0 
Casts 
Hyalin 
0 
0 
0 
0 
0 
++++ 
++ 
0 
Granular 
0 
0 
0 
0 
0 
0 
+++ 
++++ 
Cellular 
0 
0 
0 
0 
0 
++ 
+++ 
+++ 
Remarks 
.~  Serum  Reaction 
gin.  co. 
137.5  Controlperiod 
0.043 iv  Slight 
137.4  0.043  "  None 
135.2  0.065  "  " 
0.34  "  " 
136.7 
135.9 
'151.8  Subcutaneous 
edema and 
ascites 
Dec. 2, 1935, killed. 
Certain anti-kidney sera in small amounts,  even after removal of rat  hemag- 
glutinins and serum precipitins, induce a severe anaphylactoid reaction with hema- 
turia and death.  Initial injection of a sublethal amount of such a serum followed 
by increasing daily doses suppresses  the general vascular phenomona and brings 
out the nephrotoxic action. JOSEPH  ~.  S~ADEL  929 
needed if given in a single injection than when given in several divided 
amounts.  The  preparatory  treatment  alone failed  to  induce  signifi- 
cant  renal  abnormalities  if  the  initial  dose  of  rat  serum  precipitins 
was small enough to avoid a  severe anaphylactoid reaction. 
Sera Prepared against Other Rat Tissues 
The sera of rabbits immunized with other rat tissues were tested to 
determine  how widespread  was  the  nephrotoxic  factor and  to  study 
individually some of the antibodies which were undoubtedly involved 
in  the  anaphylactoid  reactions. 
When  rats  were  injected  intravenously with  adequate  amounts  of anti-rat 
serum precipitins a picture was produced indistinguishable from acute anaphylaxis. 
Some animals died within a few minutes, others after several hours.  When the 
rats died within 4 to 8 hours after injection, fibrin thrombi sometimes occurred in 
the glomerular tuft capillaries.  Hemorrhage was occasionally seen in the tufts 
and in the capsular space; the tubules were moderately dilated and loosely filled 
with albuminous precipitate.  Among a number of rats injected with the same or 
slightly smaller amounts of anti-rat serum precipitins, some survived, and these 
usually developed severe hematuria and albuminuria within a few hours.  These 
urinary abnormalities rapidly subsided (Table IV).  The same phenomena have 
been observed after complete absorption of hemagglutinins and hemolysins from 
this antiserum which still contained the anti-rat serum precipitins that were con- 
sidered responsible for the observed anaphylactoid reactions. 
A similar type of clinical  reaction has been observed after administration of 
small doses of hemagglutinins (Table IV).  The histological findings in the kidney 
differed  somewhat  from  those  accompanying the  simple  reverse anaphylactic 
reaction described above, in the presence of agglutinated erythrocytes in the glo- 
merular capillaries  rather than fibrin thrombi. 
When large doses of some anti-heart and anti-liver sera were given, transient 
albuminuria with or without hematuria was observed (Table IV).  This never 
occurred, however, unless  the serum induced a  severe anaphylaxis-like reaction. 
Moreover, when the same total amounts of these sera were given in several divided 
doses at daily intervals, the shock, albuminuria, and hematuria did not occur. 
Two rabbits that received injections of rat brain had at the end of the second 
period  of immunization no  demonstrable nephrotoxin in  their  sera.  One  was 
discarded, the other kept for 6 months, when two more series of injections were 
given.  The method was altered:  The rabbit during the third series received 1 or 
2 cc. of 10 per cent emulsion of rat brain intracutaneously along with sufficient 
staphylotoxin to produce good erythema of the site.  During the fourth series the 
brain emulsion and staphylotoxin were given intravenously.  The serum obtained 
after this series of injections had some nephrotoxic effect; its action, however, 
resembled that of a weak mixed effect anti-kidney serum (see Table V). TABLE  IV 
Effect of Sublethal Amounts of Rat Serum Precipitins 
Rat  S-5.  One  injection of  2.5  cc.  of  serum  4142  per  100 gin.  body  weight 
(precipitin titer for rat serum  1:20,000). 
Date 
193,1 
Dec.  7 
"  9 
"  10 
"  11 
"  12 
"  13 
Albumin 
0 
Trace 
+++ 
++ 
Trace 
0 
Urine examination  [  Remarks 
Gua!ac  Microscopic 
0  Normal 
0 
%%%%  Few RBC 
0  Occasional 
granular cast 
0  No cast 
0  c~  ¢c 
Weight, 
[  Serum  I  Reaction 
I 
gin.  c¢. 
Control period 
58.0  1.35 iv  Moderately  severe 
hr. duration 
Gross hematuria 
Effect of Sublethal Amounts of Rat Hemagglutinins 
Rat  A-5.  One  injection of  0.1  cc.  of  serum  4148  per  100 gin.  body  weight 
(agglutination for  rat  RBC  >  1:800). 
Date 
1935 
Mar. 20 
"  21 
"  22 
"  23 
Urine examination 
Albumin  Gualac 
Trace  0 
++  ++++! 
Trace  0 
"  0 
Bile  Microscopic 
0  Normal 
0  Few RBC 
-t-+  Normal 
++  ,, 
Weight 
gm, 
213.0 
Remarks 
Serum 
GO, 
0.21 iv 
Reaction 
Very severe  ~  hr. 
duration 
Gross hematuria 
Effect of Anti-Rat Heart Serum 
Rat C-5.  One injection of 2.5 cc. of serum  4130"  per  100  gm.  body  weight. 
Urine examination  Remarks 
D ate 
1934 
Nov. 29 
"  30 
Dec.  1 
"  2 
"  3 
"  4 
"  5 
"  5 
Albumin  Guaiac 
Trace  0 
"  0 
+  + 
+  + 
+  0 
+  0 
Trace  0 
0  0 
Weigh 
Microscopic  Serum  Reaction 
gm,  CC, 
Control period 
91.4  2.3 iv  Moderately severe 
Normal 
c¢ 
tc 
c~ 
cc 
* See Table I  for antibody titer. 
930 TABLE  V 
Effect of Anti-Rat Brain Seru~ 
Rat  B-12.  One  injection of anti-rat brain  serum 4150,.0.5  co.  per  100  gm. 
body weight. 
1935 
Aug.  23 
"  27 
"  28 
"  29 
"  31 
Sept.  2 
"  6 
"  8 
"  10 
"  12 
Urine examination 
Date  ~  .~ 
.2"~ 
~9 
1.0 
1.0 
2.0 
1.5 
1.0 
2.5 
Trace 
0 
+ 
++ 
+++ 
+++ 
6.G  + 
2.5  ++ 
1.5  + 
1.5  Trace 
ca  > 
per 
cenl 
0 
0.2!  -- 
1.6  + 
2.7  0 
2.0: 
0. 381 
1.031 
0.3:  0 
0.8~  0 
Microscopic 
Normal 
Rare RBC 
Normal 
Few granular 
casts 
Many  hyalin 
and granular 
casts 
No casts 
Few casts 
No casts 
Remarks 
Weight  ] 
Serum  Reaction 
gra.  cc.  ] 
123.6  Control period 
132.6  0.65 iv  Moderately  severe 
1~ hr. duration 
124.4  Urine straw-colored 
--diarrhea 
124.2 
122.3 
122.3 
130.3 
135.7 
124.9 
128.0  Chloroformed 
Rat  B-18.  Injection of 1.7 cc. serum 4150  (absorbed with RBC)  in  divided 
doses, per 100 gin. body weight. 
Urine examination  Remarks 
Date  ~  ~  = 
.~ 
1935 
Oct.  2  1.C  Trace 
"  3  0.1  0 
"  4  0.1  0 
"  5  0.5  Trace 
"  6  0.8  " 
"  7  2.C  " 
"  8  I.C  " 
"  9  8.C  ++ 
"  10  0.4  ++ 
"  12  2.5  +++ 
"  13  1.8  -F+ 
"  14  1.5++++ 
g 
per 
ce~ 
0 
0 
0 
0 
0.4~  0 
1.5  0 
2.5  0 
.~  Microscopic 
Normal 
cl 
104.0 
Many hyalin,  111.3 
granular, 
and cellular 
casts 
Weight 
Serum  Reaction 
gm. 
89.0 
85.1 
84.5  0.17 iv 
88.0  0.18  " 
0.36  " 
90.6  0.8  " 
91.8 
92.9 
94.8 
cc. 
Control period 
g~  it 
Slight 
None 
Slight ascites 
Ascites 
Ascites.  Chloro- 
formed 
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To  recapitulate,  the  criteria  we  have  chosen  for establishing  the 
presence of rat  nephrotoxin  in an  antiserum,  namely, the  ability  to 
induce on injection into rats marked persistent albuminuria and cylin- 
druria, ascites, and elevated blood urea~ but without hematurla,  have 
been  fulfilled only  in  sera  from  those  animals  immunized  with  rat 
kidney or brain.  The criteria have not been fulfilled by rabbit sera 
prepared  against  rat  heart,  liver,  serum,  or  red  blood  cells.  The 
occurrence of nephrotoxin,  even though  in rather  small amounts,  in 
one  anti-rat  brain  serum  suggests  that  it  is  only  relatively  organ 
specific. 
Toxic Effect of Certain Diluents 
Several  observations  suggested  that  an  adventitious  toxic  factor 
not associated with serum,  acting in conjunction with an optimal or 
suboptimal dose of nephrotoxin, might induce hematuria or glomerular 
thrombosis, or both. 
In early experiments, in attempting  to increase the accuracy of administration 
of small amounts of serum, the serum was diluted with one or two volumes of 
Ringer's solution.  This did not affect the nephrotoxic action; but when one par- 
ticular lot of Ringer's solution was used, hematuria occurred.  This solution was 
approximately 6 weeks old when first used, was sterile, and in amounts of 5 cc. 
intravenously by itself was harmless.  40 rats received initial intravenous injec- 
tions of 0.05 to 0.3 cc. per 100 gin. body weight of serum 4138.  Among  seven that 
received serum diluted with the Ringer's solution under discussion, four developed 
hematuria.  None of the 33 rats which received optimal or suboptimal doses of this 
serum, administered either undiluted or with other lots of Ringer's solution, showed 
hematuria. 
Attempts to Transmit the Induced Disease 
Sera obtained from rats in the acute or terminal stages of this type 
of experimental  nephritis  have been injected intravenously into  five 
rats in amounts varying from 0.65 to 6.9 cc. per I00 gin. body weight, 
without inducing  any evidence of renal damage. 
Effect of Rat Nephrotoxin in Other Animals 
Nephrotoxic serum 4138 has been given to a  small number of mice 
and guinea pigs.  In mice the dosage varied from 0.35 to 2.0 cc. per 
100 gin. of body weight; in guinea pigs 0.9 cc. and 1.0 cc. per 100 gin. 
were  given.  In  none  of  these  animals  was  there  significant patho- J'OSEPtt  E.  SMADEL  933 
logical change, nor was any abnormality observed in the guinea pigs' 
urine. 
Absorption of Anti-Kidney Sera 
Absorption with Kidney and Liver Cells.--Further  information con- 
cerning the specificity of the factors in the anti-kidney serum respon- 
sible  for  the  two  disease  pictures  was  obtained  by  absorption  with 
various  substances.  Nephrotoxic  sera  when  absorbed  with  washed 
cell suspension of rat kidney and rat liver completely lost their ability 
to  induce  kidney  damage  and  the  anaphylaxis-like  reaction  was 
almost entirely eliminated. 
After exsanguination,  the kidneys of two adult rats were aseptically  removed. 
The four kidneys,  having a combined weight of approximately 4 gin., were finely 
minced and ground with an abrasive.  The material was suspended in 250 cc. of 
saline, centrifuged, and the supernatant fluid was discarded.  Two more washings 
resulted  in a  clear  supernatant fluid.  The sediment  was suspended  in 5 cc. of 
saline  and  centrifuged  at high speed.  This gave a  three layer zoning;  coarse 
particles,  a tan colored thick suspension of very fine particles,  and a clear upper 
zone.  The midzone was removed and again centrifuged to remove as much excess 
fluid as possible.  4 cc. of anti-kidney serum 4138 were added to the sediment  of 
kidney ceUs, thoroughly mixed, incubated overnight at 10°C., and then the cells 
were removed.  The entire procedure was carried out three times; thus cells from 
12 gm.  of kidney were used.  The precipitin  titer against autolyzed and fresh 
kidney antigen decreased  with each absorption until,  after the third, the serum 
gave only a faint reaction with an antigen dilution  of 1 :  240. 
A second lot of 4 cc. of this nephrotoxic serum was similarly absorbed with cells 
from a total of 40 gin. of liver.  The suspension of cells obtained from one liver 
(approximately  8 gm.) was used in the first absorption,  but on the next two occa- 
sions the cells from two livers were used.  Precipitins  against rat liver decreased 
during the absorption,  and in the end were faintly positive at a dilution of 1:240. 
The nephrotoxic  serum absorbed  with washed kidney cells was tested in three 
rats, and that absorbed  with liver in nine.  In each instance,  0.3 cc. per 100 gm. 
body weight, an optimal dose of the unabsorbed serum  was given intravenously 
and repeated on the 2nd or 4th day.  No significant  urinary change  developed 
over periods  of observation up to 6 months, with one exception.  This animal, 
which received the liver-absorbed  serum, ran a normal course for 2½ months, then 
developed proteinuria and casts after receiving a skin test with kidney autolysate. 
Attempts  to repeat  this  observation failed. 
Absorption  with  Fat-Free Kidney  Suspensions.--The  nephrotoxic 
factor is readily removed by absorption with fat-free kidney suspension. 934  N~PHRITIS INDUCED  BY  ANTI-KIDNEY SERUM.  I 
The lipid-free tissue suspension was prepared as follows: Perfused rat kidneys 
were removed, minced, and ground with abrasive; ten volumes of cold absolute 
alcohol were added.  The mixture was frequently shaken while kept at 0°C. for an 
hour;  the  sediment  obtained  by centrifugation  was again  resuspended  in  cold 
absolute alcohol and allowed to extract for 2 hours.  The sediment was then sub- 
jected to two extractions with anhydrous ethyl ether, the final one lasting over- 
night.  The sediment was dried under vacuum and sealed until used. 
The  absorption  was  carried  out  as  follows: Dried  fat-free  kidney powder, 
obtained from 4 gm. of kidney (wet weight) was triturated with enough saline solu- 
tion to make a  thick paste.  This was transferred to a  tube and centrifuged at 
high  speed.  The  small  amount  of supernatant  fluid  was  discarded.  2  cc.  of 
pooled mixed effect anti-kidney serum were added to this sediment,  thoroughly 
mixed, and incubated at 37°C. for 1 hour and at 10°C. overnight; 2.1 cc. of absorbed 
serum were recovered. 
The serum, before absorption, induced the  typical nephrotoxic picture when 
0.4 cc. per 100 gin. body weight was given in divided doses.  After absorption, 0.15 
cc. per 100 gm. body weight in a single injection resulted in a fatal anaphylactoid 
reaction, but 0.4 cc. and 0.65 cc. given in divided doses failed to produce any sig- 
nificant functional or pathological damage.  The same absorption technique was 
applied to another portion of the serum; 0.72 cc. and 0.8 cc. of this in divided doses 
also failed to induce an effect on the kidney.  2 cc. of an anti-rat kidney serum, 
capable of inducing a  typical nephrotoxic  effect when 0.4 cc. per 100 gin. body 
weight is injected into rats, contain enough nephrotoxin to affect roughly 6 gm. of 
kidney, since the combined weight of the kidneys of a 100 gm. rat is about 1.2 gm. 
After absorption of 2.0 cc. of a  serum of such potency with thq fat-free kidney 
fraction from 4 gm. of kidney, the nephrotoxic activity was very markedly reduced. 
Absorption with Fat-Free Liver Suspensions.- 
By  the  same  procedures  fat-free  liver  tissue  was  prepared.  Much  larger 
amounts of liver tissue were employed in this experiment; five times the proportion 
of tissue used in the kidney absorption was added for the first liver absorption, yet 
this removed only a fraction of the nephrotoxin.  An amount equal to an optimal 
dose of unabsorbed serum induced a  moderate proteinuria and cylindruria, and 
one and a half times this dose produced a typical effect.  When the remainder of 
this partially absorbed serum was treated with the same quantity of fat-free liver, 
no  nephrotoxic  factor  was  demonstrable. 
These  experiments  indicated  that  while  fat-free  liver  suspensions 
were  capable  of  removing  the  nephrotoxic  factor,  relatively  large 
amounts  in  comparison  with  fat-free  kidney  were  required.  The 
quantities  of  liver  cell  and  fat-free  liver  suspensions  necessary  to 
absorb  the nephrotoxin  were roughly comparable. JOSEPH E. SMADEL  935 
Absorption  with  Alcohol-Ether-Soluble Fraction of  Kidney.--The 
nephrotoxic factor was  not  appreciably affected in  sera  treated  with 
alcohol-ether-soluble fraction of kidney. 
The alcohol and ether extraction fractions used in rendering 12 gin. of kidney 
fat-free were pooled and distilled to dryness under vacuum, at 45°C.  Alcohol- 
ether mixture 3 : 1 dissolved most of the residue; the soluble portion was stored at 
ice box temperature until needed.  A  portion of the material representing the 
soluble fraction from 5 gm. of kidney was evaporated to dryness at room tempera- 
ture under vacuum.  2 cc. of pooled anti-kidney serum, of the same lot as used in 
the experiments just described, were added to the dry residue and triturated.  A 
gummy emulsion with curds resulted, but after warming at 37  ° for half an hour, 
it became a  creamy homogeneous emulsion.  This was further refrigerated over- 
night at 10°C.  Centrifugation at 5000 R.P.M. for 10 minutes stratified the mixture 
into a slight finely granular precipitate, a faintly hazy solution, and a fatty crust. 
The midlayer was removed with a capillary pipette. 
As mentioned above, 0.4 cc. of this pooled serum in divided amounts was suffi- 
cient to induce a  typical nephrotoxic picture; after absorption the same amount 
still produced the effect.  In addition, the anaphylactoid-inducing properties of 
the serum were still present; 0.4 cc. in a single injection killed the rat in 4 hours. 
The kidneys showed fibrin thrombi in the glomerular tufts.  On another occasion 
the alcohol-ether-soluble fraction from 5 gin.  of kidney was added to a  similar 
amount (2.0 cc.) of serum.  In this experiment the slightly hazy absorbed serum 
obtained after centrifugation was passed through a Seitz filter with resulting clari- 
fication.  This specimen lost some of its potency during treatment, as'0.6 cc. in 
divided doses was necessary to induce a severe acute stage of the disease.  In filter- 
ing small amounts of nephrotoxic serum it was quite important to prepare the filter 
properly in order to prevent loss of activity, loss of volume, or dilutions of serum. 
By first passing 5.0  cc.  of broth,  followed by 4.0  cc.  of normal rabbit serum, 
through the pad, it was possible subsequently to filter 4 or 5 cc. of nephrotoxic 
serum without appreciable loss of potency, but when only 2 cc. were filtered some 
loss of activity usually occurred. 
Absorption  with  Petrol-Ether-Soluble Lipids.--Petrol-ether-soluble 
lipids were  obtained  from  perfused  rat  kidney, liver, brain,  and  ab- 
dominal  fat. 
An alcohol-ether extract of each tissue was prepared by the method described 
above; this was evaporated to dryness under vacuum at 45°C.  That portion of the 
residue which was soluble in petrol-ether was extracted.  The petrol-ether contain- 
ing the lipids was concentrated to a small volume by evaporation and  stored at 
10°C.  Anti-kidney serum was absorbed by the same methods as employed for 
the alcohol-ether-soluble fraction, with darification by passage through a properly 936  NEPHRITIS  INDUCED  BY  ANTI-KIDNEY  SERUM.  I 
prepared Seitz filter.  174 mg. of each Hpid were added to separate  samples  of 
4.5 cc. each of serum 4139, which was capable of inducing a severe acute disea~ 
in single doses of 0.4 cc. per 100 gin. body weight. 
The results of these experiments were entirely negative; none of the 
lipids removed a  significant amount of nephrotoxin or anaphylactoid- 
inducing factor from this serum. 
Removal of Hemagglutinins and Hemolysins.--Absorpfion  of nephro- 
toxic  serum  with  red  blood  ceils  did  not  alter  its  optimal  dosage. 
To 3 cc. of serum 4138, were added 2 cc. of washed packed rat erythrocytes. 
The mixture was placed for 2 hours in the ice box and centrifuged in the cold. 
This serum, which  then failed to show either hemagglutinins  or hemolysins  in 
dilutions of 1:2.5, had lost none of its kidney-damaging properties. 
Removal of Anti-Rat Serum Precipitins.--Removal of anti-rat serum 
precipitins from anti-kidney serum  did  not  diminish  its  nephrotoxic 
activity. 
10 cc. of each of the four mixed effect anti-kidney sera obtained after the third 
period of immunization were pooled.  The mixture was found to induce the stand- 
ard acute disease when 0.4 cc. was given in divided doses.  This pooled serum had 
a hemagglutinin titer of 1:30, and serum precipitin titer of 1:200,000.  A 30 cc. 
portion was  first treated with 9 cc. of packed washed rat erythrocytes, which 
reduced the hemagglutinin titer to ±  at 1 : 5 dilution.  Next 0.03 cc. of normal rat 
serum was added, stored overnight at 10°C., and centrifuged at 0°C.  After repeat- 
ing the last procedure, the anti-rat serum precipitin titer was ±  at 1 : 100 dilution. 
The absorbed portion simulated the unabsorbed in its induction of 
the nephrotoxic lesions, the dosage being identical in both 'instances. 
Slightly less of the absorbed serum, on the initial injection, induced 
the nonspecific general vascular phenomena; the anaphylactoid reac- 
tion in  this case usually became severe several hours after injection, 
and  death  occurred  in  12  to  18  hours.  The  animals  presented  in 
Table  III  received injections of the  absorbed portion of this  pooled 
anti-kidney serum. 
The absorption experiments summarized in Table VI demonstrated 
that the nephrotoxic factor was not related to the antibodies against 
red blood cells or serum, that it was removed by contact with kidney 
and  liver  cells,  that  fat-free kidney in  amounts  comparable  to  the 
tissue  affected in vivo readily withdrew it from serum, while fat-free JOSEPH  E.  SMADEL  937 
liver did  so when large  quantities  were used,  and  that  the  rat lipids 
did  not  remove it.  This  evidence  suggests  that  nephrotoxin,  while 
not  strictly  organ  specific,  might  be  considered  as  relatively  organ 
specific. 
Fractionation  of Nephrotoxic  Serum.--The  evidence so far presented 
indicated that the nephrotoxic factor was a relatively specific antibody 
for  kidney.  It  was  felt  that  its  presence,  if  demonstrable,  in  the 
globulin  fraction  of  the  serum,  would  lend  additional  support  to 
the conception of its antibody nature. 
Pooled  nephrotoxic  serum  absorbed  with  erythrocytes  and  rat  serum  was 
fractionated in the following manner:  To 4 cc. of the serum was added an equal 
amount of saline, followed by 8 cc. of saturated ammonium sulfate solution.  The 
TABLE  VI 
Absorption of Nephrotoxic Agent from A nil-Kidney Serum 
Absorbing material  Removal of nephrotoxia 
1.  Kidney cell suspension 
2.  Fat-free kidney tissue 
3.  Alcohol-ether-soluble  kidney extract 
4.  Petrol-ether-soluble kidney extract 
5.  Liver cell suspension 
6.  Fat-free liver tissue 
7.  Red blood cells 
8.  Serum 
Complete 
Very slight 
None 
Nearly complete 
tt  t~ 
None 
mixture was shaken for 15 minutes, then centrifuged, the globulin precipitate was 
taken up in 5 cc. of M/100 phosphate buffer solution.  Crystalline (NH4)2SO4 was 
added to the supernatant until saturation was reached; the albumin precipitate 
was obtained by centrifugation, then dissolved in buffer solution.  Both fractions 
were  dialyzed,  in  collodion  sacks,  at  ice  box  temperature,  against  frequently 
changed phosphate buffer solution.  After 18 hours the dialysates no longer gave a 
positive reaction for sulfate ions.  On removal from the sacks sufficient dry NaC1 
was added to bring the concentration to 0.1 per cent. 
The nephrotoxin,  as well as the anaphylactoid-inducing  substance, 
was recovered quantitatively  from the  globulin  fraction.  The  albu- 
min  fraction  was innocuous. 
Effect of Freezing  and Drying.--Anti-kidney  serum was frozen in a 
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state, by the method of Swift (35) for preservation of bacteria.  When 
the desiccated serum was taken up in distilled water it still retained its 
properties of inducing the nephrotoxic effect and the  anaphylactoid 
reaction. 
DISCUSSION 
The  present  experiments demonstrate  that  anti-kidney  serum, 
prepared by immunizing rabbits  with perfused rat  kidney, is  toxic 
when injected into rats and is capable of inducing profound kidney 
changes.  Several different antibodies are responsible for these dis- 
turbances;  a  relatively  organ  specific  antibody  against  kidney  is 
present, as well as non-organ specific antibodies against various rat 
tissues, serum, and erythrocytes.  A number of the non-organ specific 
antibodies,  when  injected  in  proper  amounts,  induce  a  shock-like 
reaction with accompanying lesions throughout the body.  The clini- 
cal and pathological derangement of the kidney observed after ad- 
ministration of these antibodies differs significantly from those occur- 
ring  after  treatment  with  the  relatively  organ  specific  antibody 
nephrotoxin. 
It is not surprising that rabbits  immunized with a  suspension of 
perfused rat kidney should produce antibodies against rat tissues other 
than kidney.  Although the perfusion seemed complete, there were 
undoubtedly still present in the organ suspension sufficient erythro- 
cytes and serum to stimulate some antibody formation.  In addition, 
the antigen suspensions contained tissues that occur in other organs-- 
smooth muscle, endothelium, and fat.  The presence of these in the 
different organ extracts used in the precipitin tests might account for 
some cross reactions.  Furthermore, the cell constituents peculiar to 
the animal species probably call forth antibodies which react to some 
extent with any antigenic substance from that species.  Fleisher (36) 
has  emphasized  the  complexity of  tissue  antigens.  The  failure in 
this workto correlate the nephrotoxic activity of anti-kidney serum 
with its precipitin titer for kidney extracts agrees with the observation 
of Pearce (4), but is contrary to that of Masugi (23).  Since the anti- 
genic fraction, or fractions, of kidney responsible for the production 
of nephrotoxin are not at present known, and hence cannot be isolated 
and  tested in vitro,  only biological assay  remains as  the means of 
determining the amount of nephrotoxin in an antiserum. JOSEPI-I E.  SMADEL  939 
In  the present experiments, the reaction believed to  result from 
nephrotoxin  alone  was  differentiated  from  the  combined effect  of 
nephrotoxin and severe anaphylactoid response.  In the former hema- 
turia  and fibrin thrombosis of glomerular capillaries did not occur, 
while they were prominent in the latter.  This leads to a reaffirmation 
of the statement of Pearce  (4),  "In determining the injury inflicted 
by nephrotoxin upon the  kidney parenchyma, hemaglobinuria must 
be avoided."  The concept of Pearce, however, that hemagglutinins 
and hemolysins occurring in  the anti-kidney serum were  solely re- 
sponsible for the hematuria, must be amplified to include other anti- 
bodies against rat tissues, and even toxic substances in solvents.  This 
admonition to  avoid  hematuria has  gone practically  unheeded--in 
fact, most workers have emphasized the presence of erythrocytes in 
the urine of treated animals, and considered this a point of similarity 
between the experimental and human nephritis. 
It has been shown that the severe anaphylactoid reaction, which 
results in  damage to most of the viscera,  could be prevented by a 
process of desensitization; the nephrotoxic effect, on the other hand, 
was  not  inhibited  by  these  procedures.  Whether  this  difference 
between nephrotoxin and other tissue antibodies is only quantitative, 
the evidence at hand was insufficient to determine.  The inability to 
desensitize readily against the nephrotoxic effect by procedures which 
eliminate not only the general vascular phenomena of the anaphy- 
lactoid  reaction,  but  also  the  focal necrosis  of  liver  cells  (such  as 
described by Masugi  (23)  as a  characteristic effect of hepatotoxin) 
which is observed after injection of certain mixed effect anti-kidney 
sera, suggests that the nephrotoxic reaction differs basically from the 
more common hyperergic reaction in tissue.  The possibility that the 
nephrotoxic effect is dependent on an anaphylatoxin developing from 
the union of any rat tissue and appropriate antibody seems remote. 
For, theoretically, appreciable quantities of anaphylatoxin should be 
produced by  injecting large  amounts of  anti-rat  serum precipitins 
into rats.  This can be done without inducing a  discernible anaphy- 
lactoid reaction if daily increasing doses of anti-rat serum are given, 
beginning with a  small inj~tion.  The failure to induce the nephro- 
toxic picture by this method was described. 
Several earlier  workers  (4-6,  8)  were able  to  induce albuminuria 
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experimentally by the injection of nephrotoxin, into a second animal 
of  the  same  species.  These  observations  were made on  dogs  and 
rabbits.  In Pearce's hands the phenomenon was observed in about 
half of the experimental dogs and was never severe.  Rats,  used in 
the present work, did not respond in this manner when given serum 
from rats with nephrotoxic nephritis.  Whether this indicates a  dif- 
ference in reactivity of the two animal species or whether the earlier 
observations  were dependent upon  the injection of  serum from an 
animal of a different blood group is uncertain. 
The  complete absorption  of  nephrotoxin  by  kidney  suspensions 
has  been  previously recorded by  Wilson  and  Oliver  (17),  and  by 
Masugi  (21).  The latter  also  carried out  the procedure with liver 
suspensions but did not find this substance effective in removing the 
nephrotoxic  agent.  His  results,  given  in  abstract  form,  without 
protocols,  apparently  differ from  those  cited here  where liver was 
found to be much less effective than kidney, but nevertheless capable 
of completely removing nephrotoxin from anti-kidney serum if used 
repeatedly. 
It hardly seems necessary to discuss the complete independence of 
nephrotoxin  and  the  antibodies  against  red blood cells and  serum. 
The failure of the latter antigens to produce nephrotoxin when used 
for  immunization,  or  to  absorb  it  when  present,  agrees  with  the 
experience of most workers. 
The failure to remove the nephrotoxic effect of anti-kidney serum by 
absorption with lipidal elements of kidney, but  its  complete absorp- 
tion by fat-free kidney substance was described in the present experi- 
ments.  This differs  from the conclusions of Hahn  (37),  who tested 
anti-kidney serum entirely in vitro. 
Nephrotoxin, while not strictly organ specific, is undoubtedly rela- 
tively specific for kidney.  It occasionally occurs in antisera, in small 
amounts, after immunization with tissues other than kidney, and may, 
with some difficulty, be absorbed from antiserum by liver suspensions. 
Nephrotoxin, however, affects the kidney principally, appears most 
regularly and in highest titer after immunization with kidney tissue, 
and is most easily absorbed from nephrotoxic antiserum by kidney 
tissue. JOSEPH E. SM_ADEL  941 
SUMMARY 
Nephritis can bc induced in  rats  by the  injection  of  anti-kidney sera 
obtained from rabbits in~nul~zcd with suspensions of perfused rat 
kidney. 
Anti-kidney scra, thus prepared, contain a numbcr of antibodies 
capable, on injection into rats,  of inducing a severe anaphylactoid 
reaction  with gcneral vascular manifestations that involvc the kidney 
as wcU as other organs.  These sera also  contain a ncphrotoxic agent 
that affccts  thc kidney primarily. 
The ncphrotoxic  effect  is  characterized  clinically  by  scvcre  persistent 
albuminufia with casts,  and transient  anasarca during the acute dis- 
easc, but no signifidant  hematuria occurs.  When  a scvere anaphy- 
lactoid  reaction  is  superimposed on the  ncphrotoxic injury,  hematuria 
is an outstanding fcature. 
Nephrotoxin is  demonstrable  in  vivo  and  is  not  rclatcd  quantitatively 
to the prccipitins  in the anti-kidney serum against kidney extract. 
It  is  most readily  obtained by immunization with kidney suspensions, 
but may occasionally appear after  injections  of other organ prepara- 
tions;  it  does  not  result  from  immunization with  crythrocytes or  serum. 
Nephrotoxin is present in the globulin fraction  of anti-kidney serum. 
The nephrotoxic action of anti-kidney serum is easily  removcd by 
absorption with kidney cells  or  fat-frce  kidney tissue. Similar  prepa- 
rations  of liver  likewise  remove it, but less  readily.  Neither kidney, 
liver,  or brain lipids  affect  it, nor does absorption with red blood 
cells  or serum. 
Ncphrotoxin appears to be an antibody that is relatively  organ 
specific  in its affinities. It diffcrs  from thc more common antibodics 
involved in reverse  anaphylaxis in one respect,  at least:  The animal 
rapidly becomes desensitized against the lattcr and fails  to react, 
whereas dcscnsitization  to ncphrotoxin is difficult  to secure. 
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